Earthquake Hazards Pierce County
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Risk analysis (and one of our G” o8P ¢ OCCURREY ey
biggest jobs) is to try and o
answer:

£

« What hazards exist?
« What is their likelihood?

« What are their consequences”?




Small events happen frequently. Large events are
disastrous and happen every few hundred years.
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Knowing what the hazards

are and where they occur
IS important...

The consequences of
geologic disasters
are inversely
proportional to

It is equally important to know their frequency

how often they occur.
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Pacific Morthwest Seismic Natwork
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What is an Earthquake?

*An earthquake is the vibration of
Earth produced by the rapid
release of energy

Fault scarp

*Energy released radiates in all
directions from its source, the
focus

*Energy is in the form of waves i N Epicenter

*Sensitive instruments around the
world record the event

*Movements that produce
earthquakes are usually associated
with large fractures in Earth’s crust
called faults




Fault types

Dip-slip faults: ey, © Rad, Bt
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Strike-slip faults: D e

Crustal

Horizontal motion Ay carthquakes
SEALEVEL i (AD 900, 1872)

Oblique faults: - 5 ,

Combination y
.\ (_) = Deep

Subduction zone earthquakes
\ earthquakes (AD 1700) (1949, 1965,

2001)

© Subduction zone M 9+ 200-600 years

& Volcano

N Active crustal fault
e Deep Juan de Fuca plate M 7+ 30-50 years

\ Active plate boundary fault
o Crustal faults M 7+ Hundreds of years?

*figure modified from USGS Cascadia earthquake graphics at http://geomaps.wr.usgs.gov/pacnw/pacnweq/index.html




Pierce County earthquake sources - active faults

Major faults in your are that could

cause damaging earthquakes:

* Cascadia Subduction Zone,
capable of ,
subduction zone earthquake

* Deep earthquake (Benioff Zone),
capable of , Nisqually
type earthquake

e Crustal Faults: Tacoma fault,
Seattle Fault, Rattlesnake
Mountain Fault zone, Olympia
structure, capable of




ACtive fa U |tS Fault trenching tells us about when faults ruptured and their geometry

by Timothy J. Walsh and Robert L. Logan
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Mapped faults
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TABLE 16.3 Earthquake Magn

Earthquake Energy Release
Magnitude (Millions of Erg
0 63l

1 20,001

2 630,00

3 20,000,001

4 630,000,001

5 20,000,000,00t

6 630,000,000,001

7 20,000,000,000,00t

8 630,000,000,000,001

9 20,000,000,000,000,001

10 630,000,000,000,000,00

For each unit increase in magnitude, the energy release

SOURCE: U.S. Geological Survey.




Seismic Scenarios Catalog

Shows

expected : ~N A A
ground shaking |G © st el \ ¢ - Geologic

* @ cCanyon River Magnitude

from different |[SElE - 4 A
earthquake )

sources | N " @ Chelan Magnitude 7.2

Washington

> @ Cle Elum Magnitude 6.8

Magnitude 7.4

* @ Hite Magnitude 6.8

* @ Lake Creek Magnitude
6.8

* @ Mill Creek Magnitude 7.1

» @ Mount St Helen
Scale: 1:2,311,162

Lat 49.2028 Long: -124.7111



https://geologyportal.dnr.wa.gov/

Principal Earthquake Hazards

Ground shaking
e Ground failure (cracks and offsets)
* Landslides, avalanches, mudflows
* Liquefaction
e Subsidence
* Tsunamis

* Seiches

* Fires
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Northridge earthquake 1994 —

Nisqually earthquake 2001 —
M 6.7,

M 6.8,

PNSN Rapid Instrumental Intensity Map Epicentar: 17.6 km NE of Clympia, WA
Wed Feb 28, 2001 10:54:00 AMPST M6EE MN4715Wi2272 |D:0102281854

TriNet Rapid Instrumental Intensity Map for Northridge Earthquake
Mon Jan 17 D4:30:55 AM PST M 67 N34.21 W11854 1D Northridge
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Presenter
Presentation Notes
Two measurements that describe the size of an earthquake are 
Intensity – a measure of the degree of earthquake shaking at a given locale based on the amount of damage 
Magnitude – estimates the amount of energy released at the source of the earthquake 









Scope of WGS earthquake program

* Map geology and faults Earthquakes and Faults comeris
* Provide information through publications and
on our website and portal | % 7 j s
e Collect and distribute geophysical data to s, | »  PUBLICATIONS
support geologic mapping o R ol shaing Hazard

i

ington. C

> WHAT WE DO

» WHAT TO DO BEFORE, DURING, AND AFTER AN EARTHQUAKE
» ACTIVE FAULTS AND FUTURE EARTHQUAKES

» WHAT ARE FAULTS AND EARTHQUAKES?

» HOW EARTHQUAKES CAUSE DAMAGE

» HISTORIC EARTHQUAKES IN WASHINGTON



Current projects and funding

e Studying the Doty fault to
understand seismic hazard
for a proposed dam near
Chehalis, WA

 Funded by the State

* Washington School Seismic
Safety Project

 Funded by the State

* Seismic monitoring

e Earthquake impact analysis
for Clark County, WA (joint
project with Oregon’s
geological Survey)

 Funded by DOGAMI

SCHOOL

SEISMIC

SAFETY
ASSESSMENTS

PROJECT OVERVIEW

Many of Washington’s K-12 students attend schools
that may not withstand earthquake shaking.

The Washington Geological Survey (WGS) Washington
recently received Capital Budget funding to work State Department EARTHQUAKE REGIONAL IMPACT ANALYSIS FOR
with the Office of Superintendent of Public of Natural Resources COLUMBIA COUNTY, OREGON AND CLARK COUNTY, WASHINGTON

Instruction (OSPI) and a team of structural engineers -
led by Reid Middleton, Inc. to assess the seismic waSH in gton

by John M. Bauer?, William J. Burns!, and lan P. Madin!

safety of K-12 schools. | ical
We plan to do engineering inspections of Geo og L)
approximately 220 K-12 school buildings and five Survey

fire stations. We will also perform geophysical
surveys to establish the ground conditions and

geology of each campus.
Conceptual retrofit plans will be produced for HOW SCHOOLS
20 of the selected schools. BENEFIT

This project will: Perceived
= ’ t Shaking

WHY THIS PROJECT IS IMPORTANT @ helb/inyentory W woderate

schools VI Strang
needing retrofits

. 200 schools are within one mile
of a known active fault trace

Wil Very Strong

@ 214 schools are in zones at high @ help to prioritize
risk of liquefaction during an the retrofitting of
earthquake seismically deficient

schools

72% of schools are within a high
to very high seismic hazard zone ® help to locate

sources of

@ Many of these schools 'do not funding for the
have the needed seismic retrofits Yetiaflte
to withstand these effects.




FEMA projects

* Riskmap and Hazus

 Community and risk
engagement

* New- tsunami
mapping for the
Columbia River

- .
UNDERSTANDING EARTHQUAKE H:ﬂEARDS IN WASHINGTON STATE

Modeling a Magnitude 7.2 Earthquake on the
Nisqually Fault Zone near Olympia, Washington

Geologic Description

This scenario 18 based on a M7.2 deep earthquake
centered below the Misqually delta. Deep earth-
quakes—also called intraplate or Wadati-Benioff
zone earthquakes—are common in western
Washington. Owver the last 65 years, the largest

of these deep earthquakes occurred between
Olympia and Seattle in 1949 (M7.0), 1965 (M6.5),
and 2001 (M6.8).

Intraplate earthquakes usually are the result of
normal faulting within the upper part of a
subducting oceanic plate and typically are not
followed by large aftershocks. Beneath western
Washington, the depth range of deep earthquakes
begins near 30 kilometers (19 miles) and continues
downward to about 60 kilometers (37 miles). This
range 18 where all of the damaging deep
earthquakes have been located. In some places,
notably central and northern Puget Sound, a few
events have been located much deeper, but their
magnitudes tend to be small. The distribution of
deep earthquake allows seismologists to map the
surface of the subducting Juan de Fuca plate as it

descends into the mantle below western Washington.
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Figure 1. ShakeMap for a M7.2 deep earthquake on the
Misgually fault zone near Olympia, Washington.




Tsunami Hazards- Seattle fault inundation in Tacoma

Tsunami Hazard Map of Tacoma, Washington:
Model Results for Seattle Fault and Tacoma Fault Earthquake Tsunamis

Timaothy J. Walsh'




Pierce County Questions

-l

What are some notable incidents
where this hazard occurred in our

jurisdiction? The region?

What is our vulnerability to this hazard

in terms of:
People? Citizens and responders
(physical and psychological)

Property, facilities, infrastructure?

Delivery of services?
Environment?
Economic?

1700- CSZ, M9(+7?), Today this
earthquake is estimated to cause
~S49B in damage and there are
many thousands of people at risk
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1949- near
Olympia, M7, 8
deaths, 40% of

households and =*=*" &
businesses salem A
damaged

portland -
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Eugena ﬁ s,
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CANADA

M 1965- Puget

Sound, M6.5, 7
deaths, $12 M
in property
Damage

2001- Nisqually,
M6.8,400
people injured,
S Billions in
property
Damage

M= MAGNITUDE



Thank you for your interest in this topic. (
Questions?
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Presenter
Presentation Notes
Suggest that it’s important to have good lidar for all of the state. 
Lidar is the best tool for mapping landslides because we can “see through the trees”.  
FEMA often collects lidar for river valleys but it’s also important to get coverage in the uplands 
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